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TRANSMIT FIRST COMMUNICATION FROM
RFID READER TO RFID MODULE(S) DISPOSED
ON MINERAL EXTRACTION COMPONENT(S)

~—122

TRANSMIT SECOND COMMUNICATION (E.G.,
COMPONENT DATA AND LOCATION DATA)
FROM RFID MODULE(S) TO RFID READER

~—124

PROCESS COMPONENT DATA AND LOCATION
DATA ACQUIRED BY RFID READER

~——126

STORE COMPONENT DATA AND LOCATION
DATA OF THE RFID MODULE(S)

~—128

DISPLAY IMAGE HAVING LOCATION(S) OF
THE RFID MODULE(S) MAPPED RELATIVE TO
THE MINERAL EXTRACTION COMPONENT(S)

~——130

TRANSMIT THIRD COMMUNICATION
(E.G., UPDATE /NEW DATA) FROM
RFID READER TO RFID MODULE(S)

~—132

FIG. 3
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/150

TRANSMIT FIRST COMMUNICATION
FROM RFID READER TO ACTIVE
RFID UNIT(S) DISPOSED ON ~—152
MINERAL EXTRACTION COMPONENT(S)

{

WAKE ACTIVE RFID UNIT(S) IN RESPONSE TO
FIRST COMMUNICATION FROM RFID READER [~~—154

{

TRANSMIT SECOND COMMUNICATION (E.G.,
COMPONENT DATA AND LOCATION DATA) N—156
FROM ACTIVE RFID UNIT(S) TO RFID READER

{

TRANSMIT THIRD COMMUNICATION
(E.G., UPDATE /NEW DATA) FROM N— 158
RFID READER TO ACTIVE RFID UNIT(S)

{

TRANSMIT FOURTH COMMUNICATION
FROM RFID READER TO ACTIVE RFID N—160
UNIT(S) TO SHUT DOWN ACTVE RFID UNIT(S)

/ 170
WAKE ACTIVE RFID UNITS WITH
COMMUNICATION AT FIRST FREQUENCY N—172

{

COMMUNICATE BETWEEN ACTIVE RFID
UNITS AT A SECOND FREQUENCY ~—174

{

COMMUNICATE BETWEEN RFID READER AND
ACTIVE RFID UNITS AT A THIRD FREQUENCY [N—176

{

SHUTDOWN ACTIVE RFID UNITS WITH
COMMUNICATION AT FOURTH FREQUENCY ~—178
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WAKE ACTIVE RFID UNIT (N) WITH
COMMUNICATION AT FREQUENCY (I) N—202

]

COMMUNICATE BETWEEN RFID READER AND
ACTIVE RFID UNIT (N) AT FREQUENCY (J) [~~—206

!

SHUTDOWN ACTIVE RFID UNIT (N) WITH
COMMUNICATION AT FREQUENCY (K) ~—208

~214 212
=1 +1
NS YES_~~ADDITIONAL™\_NO
K=K+1 RFID UNIT(S) END
N=N+1
/230

ACQUIRE IMAGE (E.G., STILL IMAGE OR
FlG 7 VIDEQ) OF A MINERAL EXTRACTION SYSTEM [>—232

!
ACQUIRE DATA (E.G., UNIQUE IDENTIFICATION
AND /0R LOCATION DATA) FROM A
PLURALITY OF RFID MODULES DISPOSED N __ 9g4
ON COMPONENTS OF THE
MINERAL EXTRACTION SYSTEM

{

MAP LOCATION OF EACH RFID MODULE ON
THE IMAGE OF MINERAL EXTRACTION SYSTEM[™—236

{

STORE MAP DATA CORRELATING
MAP LOCATIONS OF RFID N— 738
MODULES WITH THE IMAGE

{

UPDATE EACH RFID MODULE WITH
CORRESPONDING MAP LOCATION ~—240
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/ 300

ACQUIRE IMAGE (E.G., STILL IMAGE OR
VIDEO) OF A MINERAL EXTRACTION SYSTEM [~ 302

ACQUIRE DATA (E.G., COMPONENT DATA)
FROM A PLURALITY OF RFID MODULES
DISPOSED ON COMPONENTS OF THE [~ 304
MINERAL EXTRACTION SYSTEM

DISPLAY IMAGE WITH EACH RFID
MODULE MAPPED ON THE IMAGE - 306

ENABLE USER SELECTION OF EACH RFID
MODULE (E.G., USER SELECTABLE ICON) ~— 308
ON THE IMAGE TO ACCESS THE DATA

CHANGE

LOCATION
?

FIG. 10
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RADIO FREQUENCY IDENTIFICATION
SYSTEM FOR MINERAL EXTRACTION
EQUIPMENT

BACKGROUND

This section is intended to introduce the reader to various
aspects of art that may be related to various aspects of the
present invention, which are described and/or claimed below.
This discussion is believed to be helpful in providing the
reader with background information to facilitate a better
understanding of the various aspects of the present invention.
Accordingly, it should be understood that these statements are
to be read in this light, and not as admissions of prior art.

In order to meet the demand for resources such as oil,
natural gas, and other subterranean resources companies
often invest significant amounts of time and money in search-
ing for and extracting them from the earth. Particularly, once
a desired resource is discovered below the surface of the
earth, drilling and production systems are often employed to
access and extract the resource. Such systems generally
include a wellhead assembly through which the resource is
extracted and a Christmas tree that controls the flow of fluids
into and out of the wellhead. When assembled, the tree may
couple to the wellhead and include a variety of valves, fittings,
and controls for operating the well. Unfortunately, existing
systems are not effective in managing the various pieces of
equipment and assisting operators in determining their loca-
tion.

DESCRIPTION OF THE DRAWINGS

Various features, aspects, and advantages of the present
invention will become better understood when the following
detailed description is read with reference to the accompany-
ing figures in which like characters represent like parts
throughout the figures, wherein:

FIG. 1 is a block diagram of an embodiment of an asset
management system with radio frequency identification
(RFID) modules and an asset management tool;

FIG. 2 is a block diagram of an embodiment of a radio
frequency identification (RFID) module;

FIG. 3 is a flow chart of an embodiment of a process for
managing assets;

FIG. 4 is a flow chart of an embodiment of a process for
communicating with active RFID module(s);

FIG. 5 is a flow chart of an embodiment of a process for
communicating with active RFID modules at different fre-
quencies;

FIG. 6 is a flow chart of an embodiment of a process for
communicating with each RFID module individually;

FIG. 7 is a flow chart of an embodiment of a process for
mapping the location of an RFID module onto an image;

FIG. 8 is a block diagram of an embodiment of RFID
modules wherein blind modules are communicating with ref-
erence modules to determine their location;

FIG. 9 is a block diagram of an embodiment of RFID
modules wherein all the modules are reference modules;

FIG. 10 is a flow chart of an embodiment of a process using
augmented reality to manage assets;

FIG. 11 is a block diagram of an embodiment illustrating
an asset management tool utilizing augmented reality; and

FIG. 12 is a block diagram of an embodiment illustrating
an asset management tool utilizing augmented reality.

DESCRIPTION OF SPECIFIC EMBODIMENTS

One or more specific embodiments of the present invention
will be described below. These described embodiments are
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2

only exemplary of the present invention. Additionally, in an
effort to provide a concise description of these exemplary
embodiments, all features of an actual implementation may
not be described in the specification. It should be appreciated
that in the development of any such actual implementation, as
in any engineering or design project, numerous implementa-
tion-specific decisions must be made to achieve the develop-
ers’ specific goals, such as compliance with system-related
and business-related constraints, which may vary from one
implementation to another. Moreover, it should be appreci-
ated that such a development effort might be complex and
time consuming, but would nevertheless be a routine under-
taking of design, fabrication, and manufacture for those of
ordinary skill having the benefit of this disclosure.

The embodiments disclosed below include a radio fre-
quency identification (RFID) system for asset management of
various flow control equipment, mineral extraction equip-
ment, underwater (e.g., subsea) equipment, oil and gas equip-
ment, or any combination thereof. Although the disclosed
embodiments may be used with a variety of equipment,
including the equipment noted above, the following discus-
sion presents the RFID system in context of mineral extrac-
tion equipment. Nevertheless, the disclosed embodiments are
intended to be used with other equipment, such as the equip-
ment listed above. The RFID system includes an asset man-
agement tool that interacts with various RFID modules,
which may include both active and passive RFID modules
integrated together in a common package, distributed on vari-
ous equipment. For example, each component of mineral
extraction equipment may include one or more RFID mod-
ules. The RFID modules enable the asset management tool to
identify and determine information about the equipment
through radio wave communications. The RFID modules
may also include a memory for storing information received
from and for information to be transmitted to the asset man-
agement tool.

The RFID modules may include an active RFID module
and a passive RFID module. The passive RFID modules may
enable close range communications relating to individual
RFID modules (and corresponding equipment), while the
active RFID modules may enable communications at a
greater distance with one or more of the RFID modules at the
same time. In other words, the RFID system may simulta-
neously transmit and/or receive transmissions with a plurality
of active RFID modules, thereby managing an entire asset at
a distance. The RFID modules may use difterent radio fre-
quencies for communication with the asset management tool
as well as with each other. For example, the RFID modules
may communicate location information amongst each other
at one frequency and communicate with the asset manage-
ment tool at another frequency. By further example, the RFID
modules and/or the asset management tool may communicate
at a first frequency relating to a power control function (e.g.,
a wakeup function and/or a sleep function), a second fre-
quency for communicating between the RFID modules and
the tool, a third frequency for communicating directly
between RFID modules, and/or additional frequencies for
other functions.

The active RFID modules enable the asset management
tool to identify the locations of particular pieces of mineral
extraction equipment on an image of a mineral extraction
system. For example, a still image may be acquired of the
mineral extraction equipment, and each component of the
equipment in the image may be correlated to a particular
RFID module. This is possible, at least in part, due to the
ability of the active RFID modules to communicate informa-
tion over significant distances. This enables an operator to
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perform a variety of functions including, but not limited to,
acquiring inventory of mineral extraction equipment, identi-
fying equipment needing maintenance, identifying equip-
ment needing visual inspection, receiving data regarding par-
ticular pieces of equipment, and various other functions, all
while at a standoff distance. In contrast, the passive RFID
modules may ensure that an operator visually inspects or
performs maintenance on a mineral extraction component,
due to the short transmission distances of passive RFID.

Furthermore, the embodiments below describe an RFID
system that includes an augmented reality system. The aug-
mented reality system is configured to overlay information
onto a real-time image of the mineral extraction system. For
example, the augmented reality system may overlay symbols,
icons, text, menus, or various operator selectable points or
regions onto the real-time image of the real world object (e.g.,
the mineral extraction system). Thus, an operator can simul-
taneously view the real-time image of the mineral extraction
system, while also obtaining information about the mineral
extraction system from the overlaid information. In particu-
lar, an operator selectable feature may be overlaid onto each
component (corresponding to the RFID tag for that compo-
nent) of the mineral extraction system in the real-time image,
such that the operator can quickly obtain information about
each component. In this manner, the augmented reality sys-
tem enables an operator to continuously view the location of
RFID modules as the operator changes position around a
mineral extraction system. For example, the augmented real-
ity may include an imaging system, such as a camera, to
acquire video or still images as the operator moves around the
mineral extraction system. In certain embodiments, the imag-
ing system may be integrated into a portable device, suchas a
laptop computer, a tablet computer, a smart phone, a personal
digital assistant, or another processor-based device having a
camera, a display, a processor, and memory.

FIG. 1 is a block diagram of an embodiment of an asset
management system 10 with radio frequency identification
(RFID) modules 12 and an asset management tool 14. As
illustrated, the RFID modules 12 are distributed on a Christ-
mas tree 16 of a mineral extraction system. The Christmas
tree 16 attaches to a wellhead 17 in order to extract subsurface
minerals. In particular, the Christmas tree 16 includes various
flow control components 18, 20, 22, 24, and 26 (e.g., valves,
chokes, fittings, and controls) configured to assist in the
extraction of the subsurface minerals. The valves, chokes,
fittings, and controls may periodically need servicing,
replacement, periodic checkups, and any number of other
services during the operational life of the well. Furthermore,
the valves, chokes, fittings, and controls may need asset man-
agement before and/or after deployment at a particular well-
head 17. The asset management system 10 may therefore
assist in tracking the location of valves, fittings, and controls
on the Christmas tree 16. The Christmas tree may be either a
surface tree or a tree located subsea for a subsea well.

As illustrated in FIG. 1, each of the flow control compo-
nents (e.g., valves) 18-26 includes a respective RFID module
12. In other embodiments, the RFID modules 12 may be
attached to other pieces of equipment (e.g., pumps, fittings,
controls, and other pieces of equipment). Each of these RFID
modules 12 may include both an active RFID unit 28 and a
passive RFID unit 30. The active and passive RFID units 28
and 30 may transmit data to the asset management tool 14 for
use by the asset management system 10. The data may include
items such as location data, power control data, and compo-
nent data, among others. For example, the data may include
historical operational data, historical servicing/maintenance
data, model/serial number data, and so forth. By further
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example, the location data may include absolute locations of
the RFID modules 12 relative to a reference point, relative
locations among the RFID modules 12, geographical loca-
tions of the RFID modules 12, or any combination thereof.

The asset management tool 14 may include a data acqui-
sition system 32, a data processing system 34, a data mapping
system 36, a database 38, a display 40, and a user input 42.
The data acquisition unit 32 may further include an RFID
reader 31, an imaging unit 33, and a global positioning system
(GPS) 35. The RFID reader 31 receives and transmits radio
frequency signals to/from the RFID modules 12, thus
enabling communication with the RFID modules 12. The
imaging unit 33 images the equipment having the RFID mod-
ules 12 with still images and/or video images. For example,
the imaging unit 33 may be a still camera or video camera that
takes pictures of the Christmas tree 16 with the RFID modules
12. The GPS 35 is configured to obtain a geographical loca-
tion of the asset management tool 14, such that the geographi-
cal location may be used in combination with relative loca-
tions of the RFID modules 12 within the Christmas tree 16. In
some embodiments, as discussed in detail below, each RFID
module 12 also may include a GPS, such that the geographi-
cal location may be obtained for each individual module 12.
In some embodiments, the RFID reader 31, imaging unit 33,
and GPS 35 may be combined into a single device or may be
physically separate pieces of equipment.

As the RFID reader 31, imaging unit 33, and GPS 35
receive information, the information is passed onto the data
processing system 34. The data processing system 34 may
include processors and other electronic components that pro-
cess the images taken by the imaging unit 33 and data
received by the RFID reader 31. The processed information is
then sent to the data mapping system 36. For example, the
processed information may include relative physical loca-
tions among the RFID modules 12, absolute positions of the
RFID modules 12 relative to a reference point (e.g., the tool
14), geographical positions of the RFID modules 12 (e.g.,
GPS positions), or any combination thereof.

The data mapping system 36 receives the processed image
and RFID module 12 data and then advantageously maps the
location of the RFID modules 12 onto still image(s) or video.
In other words, the relative physical locations of the RFID
modules 12 are used to identify locations of the RFID mod-
ules 12 on the image. In addition to mapping the location of
the RFID modules onto images, the data mapping system 36
associates information in the database 38 with specific RFID
modules 12.

In the illustrated embodiment, the data mapping system 36
include an augmented reality system 37 configured to overlay
various information onto a real-time image (e.g., video) of the
Christmas tree 16. For example, as discussed in further detail
below, the asset management tool 14 may output a real-time
image (e.g., video) of the Christmas tree 16 via the display 40,
and include icons, text, or other indicia representing each
RFID module 12 (and thus each component) directly on the
real-time image. In this way, an operator may view the real-
time image of the Christmas tree 16, and immediately obtain
information about each RFID module 12. For example, an
operator may interact with the user input 42 (e.g., a touch
screen) to select an icon representing a particular RFID mod-
ule 12, thereby activating a pop-up window (or other graphi-
cal interface) to access details stored in the RFID module 12
and/or the database 38.

The database 38 may store a variety of information either
transmitted from the RFID modules 12 or previously entered.
For example, the database 38 may include location data 44,
component data 46, and frequency data 48. The location data
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44 may include relative physical locations among the RFID
modules 12, absolute locations of the RFID modules 12 rela-
tive to a reference point (e.g., tool 14, reference node, etc.),
geographical locations (e.g., GPS locations) of the RFID
modules 12 and/or the tool 14, or any combination thereof.
Furthermore, the location data 44 may be any type of location
information useful in mapping the RFID modules 12 to the
image. Subcategories of the component data 46 may include
identification data 50, history 52, and specifications 54. In
particular, the identification data 50 may include unique iden-
tifiers, such as model and serial numbers. The history data 52
may include historical information, such as maintenance his-
tory, performance history, installation dates, and previously
broken components, among others. The specifications data 54
may include specifications for possibly different types of
RFID modules 12, the active RFID units 28, the passives
RFID unit 30, flow control components 18-26, or other kinds
of components that the RFID modules 12 mark for the asset
management tool 14.

As illustrated in FIG. 1, the data mapping system 36 sends
information to the display 40. The display 40 accordingly
may display the position of the RFID modules 12 on an image
captured by the imaging unit 33, and display information
stored on the RFID modules 12 in a table, chart, or other
presentation correlated to the image. This enables an operator
to quickly identify an asset’s position (i.e., a valve, fitting,
etc.) as well as view important information about the asset
(e.g., history 52, specifications 54). Finally, the user input 42
enables an operator to update, change, and retrieve informa-
tion in the database 38. While FIG. 1 illustrates that the asset
management tool 14 may advantageously include all of the
systems 32-36, database 38, display 40, and user input 42
within a single physical tool, in other embodiments the tool
14 may be separated into two or more separate tools. For
example, in the case of a subsea well, the data acquisition
system 32 may be located on an underwater remotely oper-
ated vehicle (ROV) that communicates information to a data
processing system 34 located at the sea surface either through
a hard wire communication connection or other type of wired
or wireless telemetry system.

FIG. 2 is a block diagram of an embodiment of a radio
frequency identification (RFID) module 12. The RFID mod-
ule 12 includes an active RFID unit 28 and a passive RFID
unit 30. The active RFID unit 28 may include an antenna 60,
a battery 62, a global positioning system (GPS) 64, a micro-
chip 66, and a memory 68. During use, the antenna 60 may
receive and transmit signals. For example, the antenna 60 may
permit communication with the asset management tool 14,
other RFID modules 12, and GPS satellites. The battery 62
enables the active RFID unit 28 to transmit communications
over distances that a passive RFID unit 30 cannot. This allows
the asset management tool 14 and in particular the data acqui-
sition unit 32 to communicate with active RFID units 28 at a
distance (e.g., 1 to 300 meters, 1-200 meters, 1-100 meters).
In some embodiments, the active RFID unit 28 may include
GPS capabilities 64. The GPS 64 enables the active RFID unit
28 to determine its location, which may then be transmitted to
the asset management tool 14 or to other RFID modules 12
that then use the information to determine their respective
positions.

The microchip 66 processes incoming and outgoing com-
munications and may communicate with the memory 68. The
microchip 68 may be an application specific microchip spe-
cifically designed for RFID applications or a general-purpose
microchip. In some embodiments, the microchip 66 may
include a memory within the chip 66, rather than communi-
cate with an external memory 68.
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The memory 68 may store information for transmission to
the asset management tool 14 or possibly other RFID mod-
ules 12. For example, the memory 68 may include location
data 70, component data 72, frequency data 74, and power
control data 76. In particular, the location data 70 may be
preprogrammed allowing the unit 28 to automatically trans-
mit its location to the asset management tool 14, thus elimi-
nating repeated determination of its position. The component
data 72 may include identification data 78, history 80, and
specifications 82. As seen above, the asset management tool
14 may store the same information in database 38. Accord-
ingly, the information may be safeguarded through storage in
both the database 38 of the asset management tool 14 and in
the memory 68 of the active RFID unit 28. The memory 68
may also include frequency data 74 (i.e., the frequencies that
permit communication with and transmission from the active
RFID unit 38). For example, the frequency data 74 may
include a first frequency for communication with the tool 14,
a second frequency to communicate with other RFID mod-
ules 12, and so forth. Finally, the memory 68 may include
power control data 76. The power control data 76 may be used
by the microchip 66 to prevent overconsumption of the bat-
tery 62. For example, the power control data 76 may include
power saving information to reduce power consumption by
shutting down unnecessary functions while not in use.

Similarto the active RFID unit 28, the passive RFID unit 30
includes an antenna 84, microchip 86, and memory 88. The
antenna 84 permits reception and transmission of communi-
cations. The microchip 86 processes the incoming and out-
going communications. The memory 88 may include location
data 90, component data 92, and frequency data 94. Compo-
nent data 92 may include identification data 96, history data
98, and specification data 100. This information is similar to
that discussed with respect to the active RFID unit memory 68
and may provide a safeguard for the storage of information. In
some embodiments, the passive RFID unit 30 and the active
RFID unit 28 may be connected with a communication line
102. In certain embodiments, the active and passive RFID
units 28 and 30 may share one or more features, such as the
microchip and/or memory.

FIG. 3 is a flow chart of an embodiment of a process 120 for
managing assets of a mineral extraction system using the
systems of FIGS. 1 and 2. The process 120 begins by trans-
mitting a first communication from the RFID reader 31 to
RFID module(s) 12 disposed on mineral extraction compo-
nent(s). This first communication may wakeup RFID mod-
ules 12 or may be a request for information stored by the
RFID module 12. The process 120 continues with a transmis-
sion of a second communication (e.g., component data and
location data) from RFID module(s) 12 to the RFID reader
31. The RFID reader 31 receives the second communication
and passes this information onto the data processing system
34 and data mapping system 36. These systems 34 and 36 then
perform the third step 126 of processing the component data
and location data acquired by the RFID reader 31. After
processing the data, the process 120 transitions into the fourth
step 128 of storing component data and location data of the
RFID module(s) 12. For example, the data may be stored in
the database 38. In the fifth step 130, a display 40 displays an
image having location(s) of the RFID module(s) 12 mapped
relative to the mineral extraction component(s). By mapping
the RFID module(s) 12 relative to the mineral extraction
component(s), an operator is able to determine the real world
position of the mineral extraction component(s) by looking at
an image. Accordingly, an operator may rapidly locate which
mineral extraction component needs maintenance, replace-
ment, visual inspection, or another service. After displaying
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the image, the process 120 moves to the sixth step 132
wherein the RFID reader 31 transmits a third communication
(e.g., update/new data) to the RFID module(s) 12. In other
words the RFID reader 31 may update the memories 68 and
88 of the RFID module 12 with additional information (i.e.,
service date, components changed out, etc.) or the third com-
munication may perform another kind function (i.e., turn off
RFID modules 12, change frequency, among other func-
tions).

FIG. 4 is aflow chart of an embodiment of a process 150 for
communicating with active RFID module(s) 12 using the
systems of FIGS. 1 and 2. The process 150 begins with step
one 152 by transmitting a first communication from the RFID
reader 31 to active RFID unit(s) 28 disposed on mineral
extraction component(s). In the second step 154, the active
RFID unit(s) 28 wake in response to the first communication
from the RFID reader 31. In order words, the active units 28
turn-on enabling the transmission and reception of informa-
tion. In the third step 156, the active RFID unit(s) 28 transmit
a second communication (e.g., component data and location
data) from active RFID unit(s) 28 to the RFID reader 31. After
receiving the second communication 156, the RFID reader 31
performs step four 158 wherein it transmits a third commu-
nication (e.g., update/new data) to the active RFID unit(s) 28.
As explained previously, the updates and new data may
include information such as service dates, components
changed, components serviced, among others. The final step
160 in process 150 involves transmitting a fourth communi-
cation from the RFID reader 31 to active RFID unit(s) 28 to
shut down active RFID unit(s) 28.

FIG. 5 is aflow chart of an embodiment of a process 170 for
communicating with active RFID units 28 at different fre-
quencies using the systems of FIGS. 1 and 2. In the first step
172, the process 170 begins by waking active RFID units 28
with acommunication at a first frequency. In step two 174, the
active RFID units 28 communicate with each other at a sec-
ond frequency. For example, the active RFID units 28 may
communicate with one another in order to determine their
locations or to exchange some other kind of information. The
third step 176 involves the RFID reader 31 communicating
with the active RFID units 28 at a third frequency. In the final
step 178, the active RFID units 28 are shutdown at a fourth
frequency. For example, the RFID reader may transmit a
communication at a fourth frequency that signals the units 28
to turn-off.

FIG. 6 is a flowchart of an embodiment of a process 200 for
communicating with each RFID module 12 individually
using the systems of FIGS. 1 and 2. The process 200 begins
with step one 202 by waking an active RFID unit (N) with
communication at frequency (I). As illustrated in block 204,
all values are initially set to one. In other words, the process
200 begins by waking a first unit N at a first frequency 1. In the
second step 206, the RFID reader 31 communicates with the
active RFID unit N at a frequency J. While communicating on
frequency J, the reader 31 and active RFID unit N may pass
information (e.g., location data, identification data, among
others). In the third step 208, the active RFID unit N is
shutdown with a communication at frequency K. After shut-
ting down active RFID unit N, the process 200 enters a deci-
sion point 210. The decision point 210 enables the system to
determine whether there are additional RFID units to com-
municate with. If there are no additional RFID units to be
communicated with, the process ends at block 212. If there
are additional units, then the process 200 changes the fre-
quencies and the active RFID unit, as illustrated in block 214.
Once the values for 1, J, K, and N change, then the process 200
repeats steps 202, 206, 208, and 210 until there are no more
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units to communicate with. Thus, in the process 200, each
RFID unit has one or more unique communication frequen-
cies, which are different than the other RFID units. In this
manner, the different frequencies may enable individual com-
munications with specific RFID units without waking or
interfering with all other RFID units.

FIG. 7 is a flow chart of an embodiment of a process 230 for
mapping the location of an RFID module 12 onto an image
using the systems of FIGS. 1 and 2. The process 230 begins by
acquiring an image (e.g., still image or video image of a
mineral extraction system) as indicated by block 232. After
acquiring the image 232, the process 230 acquires data (e.g.,
unique identification and/or location data) from a plurality of
RFID modules 12 disposed on components of the mineral
extraction system as indicated by block 234. With the image
and data, the process 230 proceeds to step three 236, which
maps the location of each RFID module 12 on the image of
the mineral extraction system. In step four 238, the process
230 stores the map data correlating map locations of RFID
modules 12 with the image. In some embodiments, the
mapped location of the RFID module on the image may not
correctly correspond with its actual position on the mineral
extraction system. In these situations, the process 230 may
include an additional step five 240 wherein the operator
manually updates each RFID module with the correct map
location. However, in certain embodiments, the correct map
location may be automatically acquired from memory and/or
a GPS of each RFID module.

FIG. 8 is a block diagram of an embodiment of a system
258 with blind RFID modules (nodes) 260 and reference
RFID modules (nodes) 262 communicating with each other.
As illustrated, the modules 260 and 262 are able to transmit
and receive signals 264. The signals 264 enable the blind
modules 260 to determine their location by sending to and
receiving signals from the reference modules 262. In other
words, the blind modules 260 do not know their positions, but
the reference modules 262 know their positions (e.g., prepro-
grammed with location information or may include GPS
functionality). Accordingly, when the blind modules 260
send to and receive signals from the reference modules 262,
the blind nodes 260 may determine their position (e.g., by
triangulation). In some embodiments, the RFID reader 268
may include GPS functionality and accordingly function as a
reference module that assists the blind modules 260 in deter-
mining their location.

FIG. 9 is a block diagram of a system 278 with RFID
modules 280, each of which knows its position (i.e., reference
modules). Accordingly, the modules 280 may all communi-
cate their position to the reader 282 without any need for
triangulation with other modules 280. The modules 280 may
know their position through preprogramming or GPS func-
tionality.

FIG. 10 is a flow chart of an embodiment of a process 300
using augmented reality to manage assets, such as mineral
extraction equipment. Step one 302 of process 300 involves
acquiring an image (e.g., still image or video image) of a
mineral extraction system. In step two 304, the process 300
acquires data (e.g., component data) from a plurality of RFID
modules 12 disposed on components of the mineral extrac-
tion system. The image and acquired data is then used in step
three 306 to display an image with each RFID module 12
mapped on the image. In other words, each RFID module 12
mapped on the image is associated with a specific piece of
equipment in the mineral extraction system. Step four 308
then enables user selection of each RFID module (e.g., user
selectable icon) on the image to access data about the specific
piece of equipment in the mineral extraction system associ-
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ated with the RFID module 12. For example, a different
portion of the image may change colors or become active as
an operator moves a cursor across the image on a display,
thereby enabling the operator to select that portion of the
image associated with a particular RFID module. In an aug-
mented reality process 300, the operator may change their
location at decision point 310 with the process 300 automati-
cally repeating steps 302, 304, and 306. In other words, pro-
cess 300 allows an operator to continuously change their
position during which the image automatically adjusts and
the RFID modules are remapped on the image. This enables
an operator to recognize the position of equipment in the
mineral extraction system regardless of their position relative
to the system. Furthermore, the process 300 enables an opera-
tor to select the icon (or other operator selectable indicia)
associated with the piece of equipment while viewing the
image, to either update or access data about that specific piece
of equipment.

FIG. 11 is a schematic of an embodiment of an asset man-
agement tool 320 utilizing augmented reality. In other words,
the tool 320 may be described as an augmented reality asset
management tool or system. The tool 320 includes a frame
322, display 324, camera 326, antenna 328, GPS 330,
memory 332, and processor 334. As illustrated, the frame 322
surrounds the display 324. In certain embodiments, the dis-
play 324 may be a touch screen, thus enabling a user to
interact with the display 324. The camera 326 may be a still
camera and/or a video camera enabling the operator to cap-
tures images 335 of mineral extraction systems for display on
the display 324. As seen in FIG. 11, the display currently
shows an image 335 (e.g., a real-time image) of a mineral
extraction system 336 (e.g., a Christmas tree). The mineral
extraction system 336 includes valves 338 and RFID modules
represented by icons 340.

As explained above, the RFID modules 340 may transmit
data including identification and location data. The antenna
328 receives this data and passes it on to the processor 334.
The processor 334 may then take this information and map it
onto the images 335 taken by the camera 326. In this manner,
the tool 320 correlates the images 335 with the data received
from the RFID modules 340, thus enabling an operator to
identify specific components (e.g., valves 338) of the mineral
extraction system 336 in the image 335. During use, the
operator may operate a user input device to move a cursor 342
over the icons 340 (e.g., overlaid information). The processor
334 may then automatically cause a popup window 344 (e.g.,
overlaid information) to appear when the cursor passes over
an icon 340. The popup window 344 may show information
(e.g., type of valve, installation date, service dates and types,
problems experienced, etc.) retrieved from the memory 332
or from the RFID module associated with that piece of equip-
ment. In other embodiments, the processor 334 may wait for
the user to select the specific icon before displaying the popup
window.

In the illustrated embodiment, the tool 320 uses augmented
reality, and thus may enable the operator to view the image
335 and overlaid information (e.g., icons 340 and windows
344) in real-time. Accordingly, as the operator moves the tool
320 to change the point of view of the camera 326, the image
335 changes in real-time to depict the current point of view of
the operator, and simultaneously updates the mapping of the
RFID modules 340 and associated overlaid information (e.g.,
icons 340 and windows 344) in real-time. In this manner, the
operator can experience the real world having the mineral
extraction system 336 along with the overlaid information in
real-time, thereby enabling the operator to quickly obtain
information about the system 336. As discussed above, the
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asset management tool 320 may be separated into two or more
separate tools. For example, in the case of a subsea well, the
data acquisition system 332 may be located on an underwater
remotely operated vehicle (ROV) that communicates infor-
mation to a data processing system 334 located at the sea
surface either through a hard wire communication connection
or other type of wired or wireless telemetry system. The ROV
may be equipped with appropriate imaging equipment to
provide the images for the augmented reality capabilities.

FIG. 12 is a schematic of an embodiment illustrating the
asset management tool 320 using augmented reality. In par-
ticular, FIG. 12 is the same as FIG. 11 except that the image
335 has changed its point of view slightly (i.e., rotated 90
degrees). As illustrated, the tool 320 continues to show the
mineral extraction system 336 with the RFID modules 340
and valves 338. Indeed, as the operator moves around the
mineral extraction system 336, the GPS 330 tracks the posi-
tion of tool 320 while the camera 326 sends updated images
335 to the processor 334. Simultaneously, the antenna 328
receives location and identification data from the RFID mod-
ules 340. The processor 334 processes and combines the
changing image data with the identification and location data
and updates the image 335 on the display 324. In this manner,
the tool 320 provides the operator an understanding of where
equipment is located and the necessary information to man-
age the equipment.

While the invention may be susceptible to various modifi-
cations and alternative forms, specific embodiments have
been shown by way of example in the drawings and have been
described in detail herein. However, it should be understood
that the invention is not intended to be limited to the particular
forms disclosed. Rather, the invention is to cover all modifi-
cations, equivalents, and alternatives falling within the spirit
and scope of the invention as defined by the following
appended claims.

The invention claimed is:
1. A system, comprising:
a mineral extraction system comprising a component; and
aradio frequency identification (RFID) module coupled to
the component, wherein the RFID module comprises
component data relating to the component and location
data relating to a location of the component relative to
the mineral extraction system, and wherein the RFID
module comprises an active RFID unit and a passive
RFID unit; and

an asset management system comprising an asset manage-
ment tool configured to map the location of the compo-
nent on a real-time image of the mineral extraction sys-
tem.

2. The system of claim 1, wherein the asset management
tool comprises an augmented reality system configured to
map the location of the RFID module on the image of the
mineral extraction system in real-time, and augmented reality
system is configured to overlay information relating to the
RFID module on the image of the mineral extraction system
in real-time.

3.The system of claim 1, comprising the mineral extraction
system comprising the component and another component,
wherein another RFID module is coupled to the other com-
ponent, the other RFID module comprises other component
data relating to the other component and other location data
relating to a location of the other component relative to the
coordinate system.
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4. The system of claim 3, wherein the RFID module com-
prises a reference node comprising the location data originat-
ing at the RFID module, and the other RFID module com-
prises a blind node comprising the other location data
determined with reference to the reference node.

5. The system of claim 3, wherein the RFID module com-
prises a reference node comprising the location data originat-
ing at the RFID module, and the other RFID module com-
prises another reference node comprising the other location
data originating at the other RFID module.

6. The system of claim 1, wherein the passive RFID unit is
directly coupled to the active RFID unit.

7. The system of claim 1, wherein the RFID module com-
prises an active RFID unit having a battery and a power
control feature, wherein the power control feature is config-
ured to conserve energy in the battery.

8. The system of claim 7, wherein the power control feature
comprises a wakeup feature and a shutdown feature, and the
wakeup feature is configured to power up the active RFID unit
in response to a communication.

9. The system of claim 8, wherein:

the shutdown feature is configured to power down the

active RFID unit in response to another communication;
the communication comprises a communication fre-
quency; and

the other communication comprises a another communi-

cation frequency different from the communication fre-
quency.

10. The system of claim 7, wherein the power control
feature is responsive to a communication frequency, and the
RFID module is configured to communicate with a RFID
reader and/or a plurality of different RFID modules at another
communication frequency different from the communication
frequency.

11. The system of claim 1, wherein the RFID module
comprises a global positioning system (GPS) feature config-
ured to generate the location data relating to the location of
the component.
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12. A system, comprising:

an asset management tool, comprising:

a data acquisition system configured to acquire compo-
nent data and location data from a plurality of radio
frequency identification (RFID) modules disposed on
components of a mineral extraction system, wherein
each of the RFID modules comprises an active RFID
unit and a passive RFID unit; and

a data mapping system configured to map locations of
the plurality of RFID modules on a real-time image of
the mineral extraction system, wherein the data map-
ping system comprises an augmented reality system
configured to map locations of the plurality of RFID
modules on the real-time image of the mineral extrac-
tion system in real-time.

13. The system of claim 12, wherein the data acquisition
system comprises at least one RFID reader configured to
simultaneously communicate with the plurality of RFID
modules to acquire the component data and the location data.

14. The system of claim 12, wherein the data mapping
system and/or at least one of the RFID modules comprises a
global positioning system (GPS).

15. A system, comprising:

one or more radio frequency identification (RFID) mod-

ules, each comprising:

an active RFID unit;

a passive RFID unit; and

amemory comprising component data and location data
relating to a component of a mineral extraction sys-
tem;

an asset management tool having a data acquisition system

and an augmented reality data mapping system, wherein
the data acquisition system is configured to acquire the
component data and the location data from the one or
more RFID modules disposed on components of the
mineral extraction system, and the data mapping system
is configured to map locations of the plurality of RFID
modules on a real-time image of the mineral extraction
system.



